Abstract
METHODS
This retrospective cohort study included 119 HCV + patients treated with pegylated-interferon-α and ribavirin. Metabolic characteristics and laboratory data were collected from medical records. Differences in baseline clinical and demographic risk factors between responders and non-responders were assessed using independent samples t -tests or χ 2 tests. The effects of sustained viral response (SVR) to antiviral treatment on de novo impairments in MS components, including impaired fasting glucose (IFG) and type 2 diabetes mellitus (T2DM), were assessed using univariable and multivariable logistic regression analysis, while the effect of MS components on SVR was assessed using univariable logistic regression analysis.
RESULTS

Of the 119 patients, 80 (67%) developed SVR over the
INTRODUCTION
A mutual association between hepatitis C virus (HCV) infection and host metabolism has been demonstrated in several studies. HCV depends on host lipids for entry into the hepatocytes and for its replication; in return, HCV also affects the metabolism of host lipids [1] [2] [3] . HCV causes insulin resistance, hepatic steatosis, type 2 diabetes mellitus (T2DM), and low serum cholesterol and triglyceride (TG) levels. Insulin resistance contributes to HCV-related disruption of glucose and lipid metabolism [4] , and it is a key factor in metabolic syndrome (MS). In addition, HCV infection might lead to hepatic steatosis via several pathways.
Hepatic steatosis might aggravate MS directly by causing further insulin resistance [5] or indirectly because of resultant hepatic fibrosis [6] or cirrhosis [4, 7, 8] . After HCV infection, cholesterol and TG levels decrease, creating a different lipid profile from that for MS [9] . However, T2DM might be twice as prevalent in patients infected with HCV compared to the general population [5] . HCV has been associated with a unique type of MS called hepatitis C-associated dysmetabolic syndrome (HCADS), which includes liver steatosis, insulin resistance, and hypocholesterolemia [5, 10] . Reversal of hypocholesterolemia and steatosis after achieving sustained viral response (SVR) with antiviral therapy has been observed in several studies [11] [12] [13] . Therefore, although MS is not clearly associated with HCV, there is an association between HCV and some MS components. HCV-induced fatty liver and insulin resistance leads to T2DM; with the additional presence of MS, HCV replication is accelerated by activation of hepatocyte transcription factors, leading to increased lipogenesis and the provision of lipids for HCV replication [5, 9, 10] . Furthermore, in patients with MS, immune responses to HCV can be attenuated by leptin resistance or other changes in adipokine secretion [5] . Thus, MS might interfere with SVR after treatment [11, [14] [15] [16] [17] . Previous studies showed that HCV eradication decreases the risk of de novo glucose abnormalities and insulin resistance. On the other hand, some studies reported neither an association between metabolic syndrome and HCV infection [18] nor reduced incidence of de novo glucose abnormalities in responders to treatment with interferon alpha and ribavirin [19] . Our study aimed to assess the association between MS components and HCV infection based on the response to the therapy as well as to evaluate the influence of MS components on the response to antiviral therapy in a younger cohort of HCV-infected patients with a long term follow-up.
MATERIALS AND METHODS
During 2004-2008, 119 patients diagnosed with chronic HCV infection, based on positive HCV RNA findings on polymerase chain reaction (PCR), were treated with combination pegylated-interferon α (Peg-IFNα) and ribavirin in the department of gastroenterology at Emek Medical Center in Afula, Israel. All patients were eligible for the Peg-IFNα and ribavirin treatment, which consisted of 180 µg Peg-IFNα administered subcutaneously once a week and 800-1200 mg ribavirin administered orally daily. Treatment lasted 24 wk for patients with genotypes 2/3 and 48 wk for those with genotypes 1/4.
Patients with hepatocellular carcinoma (HCC), human immunodeficiency virus infection, other serious conditions, or evidence of drug abuse or excessive alcohol consumption during the year preceding the enrollment were excluded.
Metabolic and demographic characteristics
Patients were evaluated before treatment, 6 mo after treatment, and every year after the end of treatment until 2011. Age, body mass index (BMI), serum fasting blood glucose, TG, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, aspartate transaminase, alanine transaminase, viral load, blood pressure, liver biopsy results, and liver ultrasonography were obtained from medical records and were not available in some cases. To reduce data bias, all data were extracted from several independent sources, including patient hospital files, electronic files from the family physician, and laboratory results every year after the end of treatment. The study was performed after obtaining local ethics committee approval.
Impaired fasting glucose (IFG) was defined as a serum fasting glucose level > 100 mg/dL, and T2DM was identified based on diagnoses documented in medical records, serum fasting glucose level > 126 mg/dL, or use of antidiabetic drugs. MS was defined using the World Health Organization clinical criteria for MS [20] . Serum anti-HCV antibodies were measured using a 2 nd generation immunoassay, and HCV RNA was measured using real time-PCR (RT-PCR; Amplicor HCV test, Roche Diagnostic; detection rate = 50 IU/mL). HCV genotyping was determined using RT-PCR (HCV genotyping, DNA immunoassay).
Most, but not all, patients agreed to and underwent a baseline liver biopsy to determine hepatic inflammation and steatosis. In addition, ultrasonography was performed before treatment and during the followup period to determine hepatic steatosis.
Statistical analysis
The statistical methods of this study were reviewed by Shira Zelber-Sagi from the School of Public Health at the University of Haifa and Ofir Ben-Assuli from Ono Academic College.
Continuous variables (MS components) are presented as means ± SD. Statistical analyses were performed using SPSS version 21 (IBM Corp., Armonk, NY, United States), and P < 0.05 was considered statistically significant for all analyses.
The response to treatment was the independent variable, and metabolic components were initially evaluated separately as dependent variables using independent samples t-tests or Mann-Whitney U tests, when appropriate, for continuous variables (e.g., age and BMI) and Pearson's χ 2 tests and odds ratios (ORs) for categorical variables (e.g., sex and genotype).
To test differences from baseline to the average follow-up duration in continuous variables between the treatment responders and non-responders, independent samples t-tests were performed.
The difference in de novo occurrence of MS components (0 = normal values; 1 = abnormal values indicating presence of the component) between responders and non-responders was calculated after excluding patients with MS components prior to antiviral treatment. Then, logistic regression analysis of de novo occurrence of T2DM and other MS components was conducted at different time intervals using an unadjusted (univariable) logistic regression (model 1) and an adjusted (multivariable) logistic regression (model 2, adjusted for age, sex, BMI, and genotype). Additionally, the cumulative rates of the patients without de novo occurrence of IFG, T2DM, and MS were estimated using the Kaplan-Meier method and compared between responders and non-responders using the log-rank test.
The effects of metabolic, demographic, and clinical variables on treatment response were determined using univariable logistic regression analysis.
RESULTS
The mean age of the 119 HCV-positive patients treated with Peg-IFNα and ribavirin (57% men, 43% women) was 41 ± 11.3 years ( Table 1) . The sample population primarily included immigrants from the Union of Soviet Socialist Republics (77%). The proportions of patients with HCV genotypes 1, 2, 3 and 4 were 66%, 9.2%, 22% and 1.7%, respectively ( Table 1 ). The mean followup duration for MS components after treatment was 47.5 ± 13.3 mo.
Regarding MS components, hypertension, T2DM, and IFG were present in 17%, 9.2%, and 27.7% of patients, respectively (Table 1) . Serum HDL values were within the lower limit of the normal range, and serum TG levels were within the normal range. Mean BMI was in the overweight range (27 ± 5.4 kg/m 2 ). Steatosis was present in 36% or 16.5% of patients, as determined with liver biopsy or abdominal ultrasound, respectively (Table 1) .
SVR was obtained in 67% (n = 80) of patients. Only baseline age and HCV genotype 3 were significantly different between responders and non-responders (Table 2) . Non-responders were significantly older (P = 0.017), and significantly fewer non-responders had HCV genotype 3 (P = 0.005).
In the unadjusted regression analysis of the effect of the baseline metabolic factors on treatment response, metabolic syndrome and metabolic components (except T2DM) negatively affected treatment response (OR = 0.448; OR = 0.597; respectively), though none of them were significantly associated with treatment response (P = 0.847 and P = 0.483; respectively) ( Table 3 ).
In the unadjusted regression analysis of the effect of the baseline demographic and clinical variables on treatment response, the ORs for HCV genotype 3 and age were significant (OR = 5.35; 95%CI: 1.48-19.3; P = 0.01 and OR = 0.959; 95%CI: 0.926-9.93; P = 0.019; respectively), suggesting positive effects of genotype 3 and relatively young age on response to treatment (Table 4) . While the rate of hepatic steatosis as determined using abdominal ultrasound (16.5%) was not significant, the rate of hepatic steatosis as determined by liver biopsy (64%) tended to result in a better response (P = 0.085) ( crude ORs of 3.87 for IFG and 5.07 for T2DM (P = 0.006 and 0.022, respectively) in the unadjusted model, and a significant OR of 4.7 for IFG in the adjusted model (P = 0.02; model 2). Because of the low incidence of T2DM in responders (n = 3), T2DM could not be evaluated in the adjusted model (model 2; multivariable analysis) ( Table 5 ). The crude OR for hypertriglyceridemia was 0.27 (P = 0.044). Because of the low occurrence of hypertriglyceridemia in the non-responders (n = 3), hypertriglyceridemia could not be evaluated in the adjusted model. According to Kaplan-Meier analyses, there were lower rates of IFG and T2DM in responders than in the non-responders (P = 0.006 and 0.023, respectively) ( Figure 1) . Overall, the occurrence of MS in responders was not different from that in non-responders (Figure 2 ).
DISCUSSION
Our study, which aimed to examine the association between MS components and HCV infection based on treatment response and the influence of MS components on the success of antiviral therapy, did not detect any differences in most pre-or post-treatment MS component values between responders and non-responders to antiviral therapy. However, de novo IFG and T2DM occurred significantly more often in non-responders than in responders.
Our results regarding T2DM are consistent with those of other studies conducted with larger community cohorts. In a study conducted in Taiwan with a 7-year follow-up period, the cumulative incidence of T2DM was 14.3% in anti-HCV-positive patients and 8.6% in seronegative individuals (P < 0.0001) [21] . In another study conducted in Japan, 143 of 2842 HCV-positive patients treated with IFNα monotherapy or IFNα and ribavirin combination therapy developed T2DM during a mean observation period of 6.4 years, and only 26 of these patients with T2DM had SVR [22] . HCV infection causes insulin resistance in the very early stage hepatic lesions (fibrosis stage 0 or 1). The progression of fibrosis, primarily owing to insulin resistance, worsens insulin resistance [23] , which may lead to T2DM in predisposed individuals. In addition to SVR, fibrosis stage is independently associated with T2DM in HCV-infected patients [24] . Furthermore, a recent meta-analysis [25] and systematic review included 11 studies, of which only five examined the influence of HCV eradication on the risk of de novo glucose abnormalities [19, 24, 26, 27] and insulin resistance [27] . Of the 2 studies with long follow-up periods [19, 26] , one (8-year follow-up) failed to demonstrate reduced de novo T2DM in patients with SVR [19] . The other (follow-up of 5.7 ± 2 years) showed that SVR reduced de novo glucose abnormalities in patients with chronic HCV. However, patient ages were not reported [26] . In another study with a relatively short follow-up (24 mo), SVR in patients with chronic HCV who did not have T2DM (51.8 ± 12.2 years old) prevented the development of de novo insulin resistance [28] . A significant two-third reduction in T2DM development was reported in a large cohort of patients with HCV and SVR (51.8 ± 9 years old) after IFNα monotherapy or combination therapy with IFNα and ribavirin [22] . Thus, curing HCV infections decreases the incidence of T2DM or improves homeostatic model assessment insulin resistance (HOMA-IR) in most studies [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . These effects might be specific to patients with particular genotypes, with a reduction in HOMA-IR in patients with HCV genotype 1 but not those with genotypes 2/3 [23] . Antiviral therapy might improve insulin resistance independent of virological outcomes [32] although a greater reduction in HOMA was observed in the patients who achieved persistent HCV clearance [33] . Antiviral therapy might also improve hepatic steatosis and fibrosis [29, 34, 35] . Thus, there might be an association between HCV and MS, and patients with HCV infection and MS have higher HOMA-IR values.
Several other components of MS, including waist circumference, BMI, and arterial hypertension, have been reported more frequently in non-responders to antiviral therapy [15] . The present study failed to demonstrate a significant relationship between baseline metabolic factors and treatment responses, potentially owing to the relatively young sample population. However, some metabolic factors (apart from T2DM) showed trends for differences based on the treatment response (e.g., de novo hypertriglyceridemia was 3.7 times more frequent in the responders than in the nonresponders).
A bidirectional relationship between serum lipid levels and success of antiviral therapy for HCV has been reported [36] . Successful antiviral therapy might reverse the low LDL cholesterol, HDL cholesterol, and TG levels associated with HCV infection [7, 12, 13] . Low serum LDL levels in HCV infection result from the utilization of geranyl-geranyl phosphate, a product of the mevalonate pathway that is an early branch point of the cholesterol synthetic pathway, for HCV replication [1, 7] . Higher baseline serum LDL cholesterol and lower serum TG levels were associated with higher rates of SVR [34] , and lower serum LDL cholesterol levels correlated with low rates of SVR [33, 35] in non-diabetic, non-cirrhotic patients infected with genotype 1 HCV. High serum LDL cholesterol levels Cumulative proportion of patients free of metabolic syndrome might improve the rates of SVR by competing with binding to hepatocyte LDL receptors and subsequently reducing the infection of hepatocytes with HCV [4, 11, 34] . In contrast, HDL cholesterol enhances HCV infection by facilitating its entry into hepatocytes [2] . However, high baseline serum HDL cholesterol levels reportedly interfere with the early viral response, but not with SVR [3, 4] , while serum HDL cholesterol inversely correlates with the rate of SVR in men but not in women, resulting in a lack of an association between overall baseline HDL levels and SVR [11] . Hepatic steatosis might also attenuate the antiviral treatment response, a trend that was demonstrated in the present study based on steatosis identified via liver biopsy. The insulin resistance and hepatic steatosis present during HCV infection are genotype-specific. Lower HOMA values are reported in patients infected with genotype 3 than in those infected with genotype 1. Insulin resistance-associated steatosis, which is present in patients with HCV genotype 3, is caused mainly by viral inhibition of the enzyme microsomal triglyceride transfer protein (viral steatosis), which might resolve with successful antiviral therapy. With the other HCV genotypes, steatosis is due to insulin resistance, stimulation of fatty acid synthesis, and inhibition of mitochondrial β-oxidation (metabolic steatosis) [37] [38] [39] . Metabolic steatosis might be associated with a high BMI and central obesity, which are not usually improved by viral eradication. HCV 1 and 4 core proteins might cause insulin resistance by functionally inhibiting insulin signaling pathways via increased levels of proinflammatory cytokines including tumor necrosis factor (TNF)-α and suppressors of cytokine signaling (SOCS) proteins, which impair insulin signaling and activate sterol regulatory element binding proteins, resulting in increased hepatic lipid synthesis [37] [38] [39] . The increased levels of hepatic proinflammatory cytokines have additional effect of negative regulate IFNα transduction.
This might explain the molecular link between insulin resistance and the nonresponse to antiviral therapy [4] . Furthermore, steatosis has been demonstrated to decrease SVR in HCV genotype 1 but not in HCV genotype 3, although steatosis is a predictor of HCV infection relapse with genotype 3 HCV [16] . This effect of steatosis on SVR might be the result of its association with insulin resistance [40] , which is caused by excretion of TNFα and SOCS protein from the increased trunk fat in HCV infection. The lower level of PPAR-alpha mRNA also mediates genotype 3 hepatic steatogenesis [7, 8, 39] . However, Peg-INFα and ribavirin treatment response with HCV genotype 3 infection is better than with HCV genotype 1, despite more severe steatosis and lower cholesterol levels [10, 37, 40] . This might be related to the association between steatosis and higher BMI with genotypes 1 and 4 [14, 15] . It is noteworthy that, even in the era of direct acting antiviral (DAA; e.g., telaprevir and boceprevir)-based triple therapy, some baseline metabolic variables might affect SVR, albeit to a lesser degree than with IFN and ribavirin combination therapy [41] . However, insulin resistance does not predict SVR to telaprevir-based triple therapy or to the protease inhibitor danoprevir monotherapy [16, 42] , while low serum LDL levels might affect SVR in telaprevir-treated patients, and obesity impairs SVR in patients treated with boceprevir-based regimen [16, 41] . An additional link between DAA and MS has been demonstrated with danoprevir monotherapy, an inhibitor of NS3/3A HCV serine protease, which might increase insulin sensitivity considerably, independent of its antiviral effect [5, 38, 42] . Furthermore, DAAs are less effective against genotype 3 HCV infection, partly due to steatosis [43] and relapse after IFN-free therapy with the polymerase inhibitor sofosbuvir and ribavirin is associated with a low baseline LDL level. This study has certain limitations. First, the study was retrospective, and some data were missing for some cases. Serum glucose levels were examined for diagnosis and monitoring glycemic control of T2DM and IFG. However, due to the retrospective nature of this manuscript, HbA1c and glycated albumin (GA) values were not available in most of the patients' charts. Nevertheless, liver cirrhosis and INF alpha treatment may falsely decrease HbA1c owing to hemolysis. On the other hand, GA as a glycemic control marker in patients with chronic liver disease may be overestimated, due to prolonged albumin half-life.
Additionally, the small sample size resulted in a small number of responders with de novo T2DM and non-responders with de novo hypertriglyceridemia, which limited the ability to assess these data in the multivariable logistic regression analysis.
However, the strengths of the study include the relatively young age of the patients and the relatively long follow-up period for all MS components after antiviral treatment, which enabled us to observe the effect of SVR on the cumulative incidences of IFG and T2DM. MS, including insulin resistance, hyperglycemia, high BMI, and liver steatosis, might complicate the disease course of patients infected with HCV, by enhancing cirrhosis, HCC, and cardiovascular disease [29, [43] [44] [45] [46] [47] . Thus, it is worthwhile to screen these patients for T2DM [46, 47] . Furthermore, with T2DM in the presence of HCV, there are specific considerations for antidiabetic treatment. Insulin and sulfonylurea administration might increase the risk of HCC [45, 48] , while the insulin sensitizers metformin and pioglitazone might decrease the risk of HCC and steatosis. However, these agents are harmful and might cause lactic acidosis and hepatic toxicity, respectively, in patients with liver cirrhosis [45] . The new dipeptidyl peptidase-4 inhibitors appear promising [45, 47, 49] .
In conclusion, the results presented here suggest that MS components did not have any significant effect on the response to antiviral therapy, although hepatic steatosis tended to impair the response to antiviral treatment.
There were no differences in the post-treatment changes in most MS components between responders and nonresponders to antiviral therapy. However, the incidences of de novo T2DM and IFG were significantly higher in non-responders. Given the younger age of the patient population in the present study compared to previous similar studies, the findings might suggest a direct effect of HCV on the development of T2DM independent of fibrosis or cirrhosis. The higher serum TG levels after SVR exemplify the interaction between HCV infection and lipid metabolic pathways. Due to the increased risk of HCV infection with T2DM, it might be appropriate to screen HCV patients for T2DM and insulin resistance and to consider treatment of T2DM in the presence of HCV with new antidiabetic agents.
COMMENTS
Background
A bidirectional association exists between chronic hepatitis C virus (HCV) infection and some components of metabolic syndrome (MS).
Research frontiers
Most, but not all, previous studies showed an association between chronic HCV infection and MS components, including type 2 diabetes mellitus (T2DM), insulin resistance, elevated body mass index, and hepatic steatosis. Several host MS components might affect the disease course and sustained virological response (SVR) of HCV-infected patients treated with pegylated-interferon α (Peg-IFNα) and ribavarin. On the other hand, SVR can affect some MS components, mainly decreased insulin resistance (IR) and decreased de novo occurrence of T2DM.
Innovations and breakthroughs
This study, which included a younger patient cohort, was designed to assess associations between MS components and HCV infection, but it did not show increased prevalence of T2DM with HCV infection. However, after long term follow-up T2DM was more frequent in non-responders to treatment with Peg-IFNα and ribavarin.
Applications
Patients with HCV infection should be frequently monitored for T2DM and treated appropriately, considering the increased risk of cirrhosis and HCC in young patients with HCV-associated diabetes mellitus. The authors think that further studies are needed to evaluate the mutual association of MS components with direct acting antiviral (DAA) drug therapy in chronic HCV infection.
Terminology
MS components refer to the metabolic syndrome factors; IR refers to insulin resistance; SVR refers to sustained virological response, which means viral eradication and cure; DAA refers to direct acting antiviral agents.
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